(19) 



J 



(12) 



(43) Date of publication: 

01.03.2000 Bulletin 2000/09 

(21 ) Application number: 991 1 2851 .3 

(22) Date of filing: 02.07,1999 



Europdisches Patentamt 
European Patent Office 
Off ice europ^en des brevets (11) EP 0 982 705 A2 

EUROPEAN PATENT APPLICATION 

(51) lnt.Ci7: G09F 13/16 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 


• Mertz, Pierre H. 


MCNL PTSE 


Mountain View, California 94041 (US) 


Designated Extension States: 


• Heffner, Brian L. 


AL LT LV MK RO SI 


Los Altos, California 94024 (US) 


(30) Priority: 25.08.1998 US 139962 


(74) Representative: 




Liesegang, Eva et al 


(71) Applicant: 


Forrester & Boehmert, 


Hewlett-Packard Company 


Franz-Josef-Strasse 38 


Palo Alto, California 94304 (US) 


80801 Munchen (DE) 



(54) Thin Illuminator for reflective displays 

(57) A display[100] that includes an array[12] of 
reflective pixels, a linear light source[104]; and a reflec- 
tor(102]. The reflector[102] includes a cylindrical sur- 
face, the axis of the cylindrical surface being parallel to 
the linear light source[1041. The linear light source[104] 
is positioned relative to the reflector[102] such that light 
from the linear light source[104] is reflected by the 
reflector[102] onto the array[12] of reflective pixels. The 
reflector[102] is constructed from a material that is par- 
tially reflecting. The linear light source[104] preferably 
includes a plurality of light emitting diodes[106] and an 
optical diffuser[105]. In a color display[1 00], the light 



emitting diodes[106] include diodes having different 
emission spectra. In one embodiment of the invention, 
the reflectort102] is constructed from a material that 
reflects light of a first linear polarization while transmit- 
ting light having a linear polarization orthogonal to the 
first linear polarization. In this embodiment, each pixel in 
the array[12] of reflective pixels preferably includes a 
polarization rotating cell that rotates the linear polariza- 
tion vector of light reflected by the pixel in response to 
the receipt of an electrical signal by the pixel. 
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Description 

Reld of the Invention 

[0001] The present invention relates to display sys- s 
terns, and more particularly, to the illumination of display 
systems in which a plurality of pixels generate an image 
by reflecting light from one or more light sources. 

Background of the Invention 

[0002] To simplify the following discussion, the present 
invention will be discussed in terms of displays utilized 
in head mounted computer displays; however, it will be 
apparent to those skilled in the art from the following 
discussion that the present invention may be applied to 
other types of displays. Head-mounted computer dis- 
plays may be viewed as "eye glasses" that are worn by 
the user to view images created by a computer or other 
video source. The image seen by each eye is generated 
on a display screen having a two dimensional array of 
pixels. 

[0003] In one type of display, each pixel is a small mir- 
ror that is covered by a "shutter" that is controlled by the 
voltage of the mirror. The shutter is constructed from a 
layer of liquid aystal on the mirrors. The voltage con- 
trols the state of the liquid crystal on top of the pixel so 
as to modulate the reflected light. A light source illumi- 
nates the pixels and the modulated reflected light from 
the pixels is imaged into the eye of the viewer. The 
imaging optics typically consist of lenses that magnify 
the pixels and form a virtual image. The light source is 
typically constructed from 3 LEDs that emit different 
colors. 

[0004] For this type of display to function properly, the 
intensity of light reflected by each micro-mirror must be 
independent of the pixel's location in the display. In addi- 
tion, each pixel must appear to be an independent light 
source. The illumination must be both spatially and 
angularly uniform, with the angular extent given by the 
acceptance angle (f-number) of the imaging optics. In 
prior art systems these constraints are met by convert- 
ing the three point light sources into a diffuse light beam 
that strikes the display at right angles to the plane of the 
minors. The light source utilizes a condenser lens to 
collimate or slightly diverge the light to match the tele- 
centricity of the imaging optic and an array of micro- 
lenses or a diffuser in the coltimated light beam to pro- 
vide the required diffusion. Since the light source must 
be outside the field of view of the user so as not to block 
the image generated by the display, a half silvered mir- 
ror is used to illuminate the display while allowing light 
reflected by the display to reach the eye of the viewer. 
[0005] This prior art solution to the illumination prob- 
lem has several problems. First, the distance between 
the first imaging optic artd the display must be at least 
as great as the shortest dimension of the display to pro- 
vide room for the half-silvered mirror. Second, the illumi- 



nator requires a condenser lens and diffuser which must 
be at least as large as the display. These constraints 
lead to a bulky display. Both the size and the weight of 
this type of display are objectionable. 
[0006] To collimate the light source, all of the LEDs 
must be very dose to the focal point of the coilimating 
lens and limited in size so as to simulate a single point 
source and properly mix the colors of the LEDs. This 
constraint limits the size of the LEDs. and hence, the 
maximum intensity of light from the display. In addition, 
the half-silvered mirror decreases the brightness of the 
display, since only one fourth of the light in the colli- 
mated beam actually reaches the viewer's eye. 
[0007] Broadly, it is the object of the present invention 
to provide an improved illumination system for a reflec- 
tive display. 

[0008] It is a further object of the present invention to 
provide a display system that does not require the use 
of a half-silvered minor to illuminate the pixels. 
[0009] These and other objects of the present inven- 
tion will become apparent to those skilled in the art from 
the following detailed description of the invention and 
the accompanying drawings. 

Summary of the Invention 

[001 0] The present invention is a display that includes 
an array of reflective pixels, a linear light source; and a 
reflector. The reflector includes a cylindrical surface 
preferably having a parabolic cross-section, the axis of 
the cylindrical surface being parallel to the linear light 
source. The linear light source is positioned relative to 
the reflector such that light from the linear light source is 
collimated by the reflector onto the array of reflective 
pixels. The reflector is constructed from a material that 
is partially reflecting. The linear light source preferably 
includes a plurality of light emitting diodes and an opti- 
cal diffuser. In a color display, the light emitting diodes 
comprise diodes having different emission spectra. In 
one embodiment of the invention, the reflector is con- 
structed from a material that reflects light of a first linear 
polarization while transmitting light having a linear 
polarization orthogonal to the first linear polarization. In 
this embodiment, each pixel in the anay of reflective pix- 
els preferably includes a polarization rotating cell that 
rotates the linear polarization vector of light reflected by 
the pixel in response to the receipt of an electrical signal 
by the pixel. 

Brief Description of the Drawlncs 
[0011] 

Figure 1 is a cross-sectional view of a prior art dis- 
play system. 

Figure 2 is a side view of a display system accord- 
ing to the present invention. 
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Figure 3 is a top view of the display shown in Figure 

2. 

Figure 4 is a aoss-sectional view of a display sys- 
tem according to the present invention. s 

Figure 5 illustrates the manner in which a typical 
prior art reflective display operates. 

Figure 6 is an expanded view of a reflective pixel io 
according to the present invention illustrating the 
manner in which the preferred reflector material 
improves the efficiency of the display 

Detailed Description of the Invention is 

[0012] The present invention may be more easily 
understood with reference to Figure 1 which is a cross- 
sectional view of the prior art display system 10 dis- 
cussed above. A display saeen 12 is illuminated by a 20 
light source consisting of a LED 15 close to the focal 
point of a Fresnel lens 14. Fresnel lens 14 provides 
either a collimated light source or a slightly diverging 
light source that matches the telecentricity of the imag- 
ing optic. The light leaving Fresnel lens 1 4 is diffused by 25 
a diffuser or micro-lens array 13 as shown at 18. The 
light from the source is reflected from a half-silvered 
min-or 16 onto display 12. The light reflected back by 
display 12 is imaged by lens 17 into the eye 11 of the 
user. It should be noted that, at most, half of the light 30 
leaving diffuser 13 reaches display 12. since min-or 16 
allows half of the light to pass through the mirror. Simi- 
larly, only half of the light leaving display 12 reaches 
lens 1 7 for the same reason. It should also be noted that 
the minimum values for the width and height of the dis- 35 
play system are set by the illumination optics. As noted 
above, such systems are bulky and have limitations on 
the maximum light intensity that can be delivered to the 
eye of the viewer. 

[0013] Refer now to Figures 2 and 3. which are side 40 
and top views of a display system 100 according to the 
present invention. In display system 100. the half-sil- 
vered mirror utilized in prior art systems is replaced by 
cylindrical parabolic reflector 102. Figure 2 is a side 
view of display system 100 in a direction parallel to the 45 
axis of reflector 102. Figure 3 is a top view of display 
system 100. Reflector 102 provides both the functions 
of the condenser and the partially reflecting min-or. 
Reflector 102 is illuminated with a diffuse line source 
1 04, which is preferably constructed from a diffuser 1 05 so 
and a plurality of LEDs 106. 

[0014] Refer now to Figure 4 which is a cross-sec- 
tional view of a display system according to the present 
invention. Display system 300 includes a display 307, a 
reflector 301 . and a diffuse light source 302. To provide ss 
the angular spread of the illumination required to fill the 
acc^tance angle of the imaging optics, the light source 
needs to have vertical spatial extent. In the case of a tel- 



ecentric system, reflector 301 is parabolic. In non-tele- 
centric systems, reflector 301 is typically a hypertwiic or 
ellipsoidal surface. The parabolic surface converts this 
^atially extended source 302 to an angular cone of 
light having an opening angle 306 and angle 305 with 
respect to the display surface. In telecentric systems, 
angle 305 is 90°. The focal point 303 of reflector 301 is 
in the middle of source 302. The cone angle in the 
orthogonal direction is provided by the diffuser on the 
source, in a manner analogous to the micro-lenses dis- 
cussed with reference to the prior art system shown in 
Figure 1 . If the imaging optics are not telecentric, the 
cross-section of the cylindrical surface can be made 
elliptical or hyperbolic, so that the chief rays match 
those of the imaging optics. The telecentricity in the 
other direction can not be matched geometrically, but 
the diffusion of the source in this direction provides the 
necessary rays. 

[001 5] It should be noted that the distance, D. required 
to accommodate reflector 102 is approximately half the 
distance required for the partially reflecting mirror uti- 
lized in the above-described prior art display systems. 
Hence, the present invention has substantially less bulk 
and weight than prior art displays. Further, the present 
invention utilizes a plurality of LEDs. Hence, the present 
invention provides substantially higher illumination of 
the display 

[0016] In a color display according to the present 
invention, the light source includes a plurality of LEDs 
for each color of light. Typically, three different colors are 
utilized to construct the color image. The color image is 
constructed by sequentially displaying the red, blue, and 
green images in a time-span that is shorter than the 
time interval in which the eye can resolve separate 
images. The various color LEDs are positional along 
the axis of the light source such that the light source is 
effectively three linear light sources that are superim- 
posed on one another. 

[001 7] As noted above, one problem with prior art dis- 
plays results from the use of a partially reflecting mirror, 
which reduces the effective illumination by 75%. The 
preferred embodiment of the present invention utilizes a 
material for the construction of the parabolic reflector 
that overcomes this problem when utilized with a display 
that operates by rotating the polarization of the incident 
light. The manner in which this aspect of the present 
invention operates may be more easily understood with 
reference to Figure 5 which illustrates the manner in 
which a typical prior art reflective display operates. To 
simplify the drawing, only one pixel of the display is 
shown. Pixel 200 consists of a polarization filter 201 
which selects one linear polarization component of the 
incident light which may be viewed as consisting of two 
equal intensity linearly polarized components as shown 
at 210. In the case shown in Figure 5, it is assumed that 
the vertical component is passed by filter 201 . The light 
passing through filter 201 is reflected by a reflective 
coating 203 on the back of a liquid crystal element 202. 
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This coating also acts as an electrode for applying a 
voltage across the liquid crystal element. The light exit- 
ing the liquid element will have a polarization that is 
either vertical or horizontal depending on the potential 
across the liquid crystal element. If the exiting light has 5 
a polarization that has been rotated to the horizontal 
direction as shown at 21 1, the light will be blocked by 
the polarization filter, and hence, the pixel will appear 
black. If the direction of polarization remains vertical, 
the light will pass through filter 201 , and the pixel will be w 
bright. 

[00181 The reflected light must still pass back though 
the half-silvered mirror 216 in prior art displays. Hence, 
the maximum light intensity relative to the source inten- 
sity is 1/8^^. since one half of the light is lost in the first is 
reflection that directs the light onto the display Another 
50% of the light intensity Is lost in polarization filter 201 . 
Finally, yet another 50% of the remaining light is lost 
passing back through half silvered mirror 216. 
[0019] The present Invention combines the polarlza- 20 
tion function of filter 201 utilized in prior art displays with 
the parabolic condenser lens. As a result, the effective 
light intensity reaching the viewer is one half of the 
source intensity. The manner in which this is accom- 
plished may be more easily understood with reference 25 
to Figure 6 which is an expanded view of a pixel accord- 
ing to the present invention. Light from source 306 is 
directed toward parabolic reflector 322. The light is 
assumed to be unpolarized, and hence, consists of 
equal intensities of vertical and horizontally polarized 30 
light as shown at 310. Reflector 322 is constructed from 
a material that reflects light of one polarization while 
transmitting light of the orthogonal polarization. Such 
materials are known to the art. For example 3M markets 
such a material under the trade name DUAL BRIGHT- 35 
NESS ENHANCEMENT FILM (DBEF). For the pur- 
poses of this discussion, it will be assumed that reflector 

322 has been constructed such that vertically polarized 
light is reflected and horizontally polarized light is 
reflected. Hence, the light from source 306 that is verti- 40 
cally polarized is reflected toward the pixel as shown at 

323 while the horizontally polarized component passes 
through reflector 322 as shown at 324. 

[0020] The vertically polarized light goes on to strike 
the reflective surface 203 of the pixel after passing 45 
through the liquid crystal element 202. If tiie potential 
across the liquid crystal element is set such that the 
direction of polarization Is rotated through 90 degrees 
as shown at 325. the reflected light will pass tiirough 
reflector 322 and reach the eye of the viewer. In this so 
case, the pixel will appear bright. If, however, the voltage 
across the liquid crystal element is such that the direc- 
tion of polarization Is not rotated, the light reflected by 
the pixel will also be reflected by reflector 322 back 
toward the light source 306. In this case, the pixel will ss 
appear dark. 

[0021 ] It should be noted that the light passing through 
the reflector upon reflection by the pixel does not suffer 



any attenuation. That Is, the reflector appears transpar- 
ent to that light. Accordingly, the only light loss due to 
reflector 322 is the initial 50 percent loss associated 
witii the separation of the unpolarized light from source 
306 into vertical and horizontal components, i.e.. tiie 
loss of the light shown at 324. Hence, the present Inven- 
tion has 4 times the efficiency of prior art displays. 
[0022] Various modifications to the present invention 
will become apparent to tiiose skilled in the art from the 
foregoing description and accompanying drawings. 
Accordingly, the present invention is to be limited solely 
by the scope of the following claims. 

Claims 

1 . A display[100] comprising: an array[12] of reflective 
pixels; a linear light source[104J; and a reflec- 
tor[102] conrprlsing a cylindrical surface, the axis of 
said cylindrical surface being parallel to said linear 
light source[104J. said linear light source[104] being 
positioned relative to said reflector[102] such that 
light from said linear light source(104] is reflected 
by said reflector[102] onto said array[12] of reflec- 
tive pixels, said reflector[102] comprising a material 
tiiat is partially reflecting. 

2. The display[1 00] of Claim 1 wherein said linear light 
source[104] comprises a plurality of light emitting 
diodes[1 06] and an optical diff user[1 05]. 

3. The display[1 00] of Claim 2 wherein said light emit- 
ting diodes[106] comprise diodes having different 
emission spectra. 

4. The display[100] of Claim 1. 2 or 3 wherein said 
reflector(102] comprises a material that reflects 
light of a first linear polarization while transmitting 
light having a linear polarization orthogonal to said 
first linear polarization. 

5. The display[100] of Claim 4 wherein each pixel in 
said array[1 2] of reflective pixels comprises a polar- 
ization rotating cell tiiat rotates the linear polariza- 
tion vector of light reflected by said pixel In 
response to the receipt of an elecfrical signal by 
said pixel. 

6. An illumination system for illuminating a reflective 
display[100], said illumination system comprising: a 
linear light source[104]; and a reflector[102] com- 
prising a cylindrical surface, tiie axis of said cylindri- 
cal surface being parallel to said linear light 
source[104], said linear light source[104] being 
positioned relative to said reflector[102] such that 
light from said linear light source[104] is reflected 
by said reflector[l02] onto said array[12] of reflec- 
tive pixels, said reflector[1 02] comprising a material 
tiiat reflects light of a first linear polarization while 
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transmitting light having a linear polarization 
orthogonal to said first linear polarization. 
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